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ABSTRACT 

This research paper discusses the impacts of a warming ocean on a local marine resource, 
namely pink salmon, in Southeast Alaska. Pink salmon, also known as Oncorhynchus gorbuscha, 
are of great economic and ecological importance in this region and the numbers have been 
decreasing over the past fishing seasons. We have researched the numbers of pink salmon returns 
in Southeast Alaska, the impacts a warming ocean has on pink salmon, including the impact of 
chemical and physical variables, and created a management and monitoring plan. After a 
literature review and interviewing a number of people about these issues, we gathered our 
information to create this research paper. There is evidence indicating that global warming is not 
the direct source of pink salmon population declines but the warming ocean does impact many 
other issues that contribute to pink salmon numbers. As pink salmon numbers decrease, scientists 
and researchers try to help keep the pink salmon fishery sustainable. With this paper we are 
hoping to bring attention to issues concerning pink salmon to raise public awareness regarding 
keeping the numbers viable. Pink salmon is one of the key resources that help Alaskans earn 
money and feed the population, especially in Southeast Alaska.   
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Introduction 

In this paper, we researched how the summer of 2016 was an extraordinarily 

disappointing season for commercial pink salmon fishermen in Southeast Alaska. We researched 

how pink salmon numbers have gone down since 2013.   

We found that the warming ocean may be a contributing factor to the decrease of pink 

salmon. However, our results were contradictory, therefore inconclusive.  Our research showed 

that salmon could be negatively impacted by warming, and other sources showed that salmon 

could be positively affected because of more abundant planktonic food sources. 

In addition, we investigated recommendations for management and monitoring and 

created a plan to help maintain sustainable pink salmon fisheries in Southeast Alaska. We were 

advised by several local fisheries experts, including Scott Walker, Justin Breese, and Gary 

Freitag. 

Pink Salmon in Southeast Alaska 

 Pink salmon play a huge role in the fishing industry in Southeast Alaska, although pink 

salmon numbers have decreased in the past fishing season. For the 2016 season 34 million pink 

salmon were predicted to be harvested, but only 19 million were actually retrieved. According to 

Alaska Department of Fish and Game, the ideal numbers of salmon returning to their streams are 

3-8 million pink salmon. An estimated six million returned this past season.  Figure 1 shows that 

in two years the number of fisheries that met, exceeded, or failed quotas changed drastically. In 

2014, fifteen stock groups in Southeast Alaska exceeded their targets, eleven groups met the 

target, and twenty did not meet the target. In 2016 only five groups exceeded target, twenty-five 

met the target, and sixteen did not meet the target (Walker, 2016; ADFG, 2016).
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Figure 1: Southeast Alaska Regional fishery stock groups 2014 vs 2016 (Walker, 2016). 

The life history of pink salmon is important in understanding the numbers. As you can 

see in Figure 2 parts 7 and 8, the females lay eggs and spawn from June to late October. The 

eggs incubate for five to eight months, then the fry emerge in late winter to early spring and 

almost immediately migrate to the ocean. The salmon live in saltwater for eighteen months, 

return to their spawning waters, spawn, later they die at two years old. Looking at their two year 

cycles, the odd year and even year salmon have different genetic make ups, which give them 

slightly different traits and are easy enough to differentiate between. The fish in the odd years are 

not related to the fish from the even years. The two types of pink salmon do not interbreed with 

each other, even if they are in the same breeding grounds. Most of the time individual streams 

will have just one type of pink salmon, although it is possible to have both years in the same 

stream. Because this two year cycle is a very important part of their spawning and reproduction, 

any changes could mean something detrimental has happened and research needs to be done to 

find out why their habits have changed. Marine food webs could be affected by the depletion of 

their numbers. Though populations of pink salmon appear to be diminishing, the numbers are not 

significant enough to consider them endangered (ADFG, 2016).
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Figure 2: The Pacific salmon life cycle. Courtesy of Google images.  

According to Scott Walker (2016), in 1990, Dall Island was one of the best places to fish 

for pink salmon in Southern Southeast Alaska but from 2000-2010 the pink salmon numbers 

made it one of the worst places to go fishing. It went from approximately 150 fishing boats to 

10-20 per opening. As indicated in Figure 3 below, Dall Island is in an outer shore location 

making it more susceptible to the ocean warming, namely the Blob. The pink salmon numbers in 

this area appear to be rebounding because the Blob was in front of Baranof Island possibly 

causing the salmon to avoid it and go farther south to Dall Island. It will take time for the 

fishermen to start coming back (Walker, 2016). 

         

Figure 3: Dall Island, Alaska. Image courtesy of Google. 



 4 

 

Pink salmon have four distinct differences from other salmon: two year spawning cycles, 

the males have distinct humps on their backs, they are the smallest of all the salmon, and they 

migrate to the sea very soon after emerging from the gravel. Since at that time the fry are so 

young, a warmer stream or ocean could greatly affect their growth and development in their adult 

life.  

Ocean Warming and the Blob  

Another potential contributing factor to pink salmon behavioral changes, such as the Dall 

Island incident mentioned above, could be climate change. As you can see in Figure 4, over the 

past 140 years the global surface average temperature has been gradually increasing. 

 

Figure 4: This chart shows the change of the global surface temperature throughout the years 
1880-2015 (NASA, 2016).  
 

Johnson (2016) states in his book that since the 1950s the sea surface temperature has 

increased 0.60 �. According to the National Wildlife Federation, the predicted temperature of 

the North Pacific by the year of 2050 is supposed to increase another 0.98 � to 1.58 �. 

According to Johnson (2016), even one degree difference in the temperature can change the 

behavior of fish. In addition to documentation of warming, sea levels all around the world are 
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rising about one-eighth inch per year, and the rate is steadily increasing. Thermal 

expansion of ocean water and melting of glacial ice both cause the level of the sea to rise 

(NASA, 2016; Johnson, 2016). 

A contributing factor to the warming of the oceans is coined the “Blob”. The Blob is a 

mass of unusually warm water that swelled in the Pacific Ocean. Wieser (2016) states this 

phenomenon was first noticed back in 2014. According to figure 5, at times the Blob has 

stretched from Baja California all the way up to the Bering Sea. It is at least 1,000 miles across 

and can extend down to about 300 meters below the surface. The Blob has been approximately 

1.47 � to 1.96 � warmer than usual, but in some places it can be as much as 4.91 � warmer 

(Weiser, 2016).  

 

Figure 5: This chart shows the size and temperature of the Blob 11/10/2016 (NOAA, 2016). 

As Johnson (2016) says in his book, Climate Change in Alaska’s Fisheries, the ocean 

warms, plankton thrive. Coccolithophores are unicellular, eukaryotic phytoplankton. There have 

been a surprising number of recent coccolithophore blooms in Southeast Alaska. CO2 and the 

warming of the earth helps coccolithophores bloom, although it’s unclear why coccolithophores 
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would be thriving in an acidifying ocean. Perhaps the Blob brought coccolithophores to 

Southeast Alaska because the waters there are less acidic than other places (Walker, 2016; 

Johnson, 2016).  

In addition to changes in the planktonic community, warming waters potentially bring in 

unusual species. Mola mola, tuna, and sardines are just some of the animals that have been 

sighted recently in Southeast Alaska. As for Mola mola, also known as Sunfish, there were 

fourteen individuals sighted by a management biologist near Prince of Wales during a survey in 

the summer of 2016 (Walker, 2016). 

As the CO2 is absorbed by the ocean, the water causes chemical reactions that reduce the 

pH of the seawater.  Increases in the amount of freshwater from glacial melt or increased runoff 

in oceans caused by climate change increases acidification. The freshwater, with a lower pH than 

ocean water decreases the pH of the ocean water, thus making it more acidic (PMEL Carbon 

Program, 2016; Johnson, 2016). 

Ocean Acidification effects on Marine Life 

Many organisms need calcium carbonate, which is saturated in seawater, to build and 

maintain their shells. Organisms use either aragonite or calcite from the calcium carbonate ions. 

However, seawater with lower alkalinity can be undersaturated and the organisms are not able 

build the shells they need. Their shells can even dissolve if the saturation level is low enough 

(PMEL Carbon Program, 2016). 

Pteropods, planktonic snails, are a key food source for pink salmon. In fact, nearly half of 

the diet for juvenile pink salmon consists of pteropods. Just like many other organisms, 

pteropods grow protective shells, thus making them vulnerable in waters of low pH. In 
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laboratory studies pteropods perish in water of the same carbonate chemistry of waters 

being measured at locations off Alaska (Johnson, 2016). 

Chemical and Physical Variables Impacting Southeast Alaska Salmon 

              Along with the temperature of the ocean increasing, the chemical and physical 

variability grows. Salmon in Southeast Alaska are impacted by a plethora of different chemical 

and physical variables in their environment, from the rivers where they were born to the open 

ocean. According to Julie Landwehr, physical impacts and variables of seasons include water 

temperature, air temperatures, wind, currents, ice in spawning areas, precipitation, and 

environmental survivability of prey and predators. Chemical impacts include the breakdown of 

compounds by warming or cooling of streams and oceans, impacting the pink salmon’s brains 

and causing them to stray away from their birth rivers, an infrequent occurrence at 10% 

likelihood. Increases in zooplankton due to chemical changes provided alternate prey for 

predators of pink salmon fry, which increased population of pinks for multiple years. However, 

these increases of zooplankton lowers overall survival rates. These survival rates are based on 

warmer stream temperatures caused by warmer overall waters, providing no shelter of ice in 

winters for these fry to find protection (Riddell, 2009; Beamish, 2009; Landwehr, 2016). 

 Considering physical properties, warming water temperatures impacted pinks the most. 

As previously mentioned, warmer temperatures in streams impacted the salmon and can exceed 

twenty degrees, as see Figure 6. Warming stream temperatures cause ice in winters to melt more 

quickly, or not form at all, so when the fish are most vulnerable at hatching, the ice does not 

protect them. Air temperatures help in the forming of ice pockets in redds of pinks, which is 

another important physical property aiding their survival. All physical properties are impacted by 

the global warming somehow- prey and predators will react earlier in the year due to changing 
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temperatures. Warmer winds and currents in the ocean shift salmon more northward than normal. 

Mentioned in the Effects of Climate on Salmon, it has been shown that survival rates are higher if 

they stay close to their original stream (Beamish, 2009). Lessened precipitation in warm winters 

is another impact. Annual snow and rainfall leads to deeper streams, making it easier for salmon 

to swim up and spawn. But lesser snowfall that melts in summer and rainfall throughout the 

season leads to shallower streams, which is where salmon have a harder time swimming up. 

According to researchers at the University of Washington, changes in precipitation due to 

warming led to a 20-30% decrease in fry survival in rivers through Western Washington up to 

Southeast Alaska (University of Washington, 2005; National Wildlife Federation, 1996). 

              

Figure 6: Water temperatures in Cook inlet. As seen, warmer than average (Mauger, 2013).                                                                           
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Management of Pink Salmon  

There are many different ways to monitor salmon. You could monitor the pink salmon by 

weight and the number of fish caught each year, but the best way to monitor pink salmon is by 

taking trawl samples. A trawl sample is where a fishing boat drags a trawl net through a specific 

area and the number of different organisms in that area is recorded. After the data is gathered, the 

organisms are let back into the water (NOAA, 2017). 

 Trawl sampling is like random sampling for fish. The only problem is that  trawl samples 

are extremely expensive. According to the Aquatic Research Instruments, the net alone costs 

$6,700. The minimum cost of a trawl sample is from 50-60 thousand dollars [Multipli Net Mid-

water (Tucker) Trawl, 2016].  

As Fish and Game’s budget shrinks from $215,332.6 in 2015 to $209,802.9 in 2016 to 

the proposed budget in 2017 of $203,720.2, it is more and more difficult to pay for trawl 

samples. Currently in Southeast Alaska we have only one active trawl sampling location found in 

Chatham strait. This area did not make the management target in 2014. That is problematic 

because the rest of Southeast Alaska is not being monitored by trawl samples. The only place 

that is meeting the stock group requirements is lower Southeast Alaska, and a little bit in the west 

where no trawl samples are taken by NOAA out of the Auke Bay Lab (NOAA, 2016). 

One way to more accurately monitor pink salmon would be to have additional trawl 

samples conducted by NOAA Fisheries, but the problem would be the cost. As Alaska is having 

a money crisis, Fish and Game’s budget has shrunk, so it is hard to monitor pink salmon without 

the money needed to monitor them. Alaska commercial fish hatcheries spend on average $350 

million each year. Some of the hatcheries in Alaska don’t use Fish and Game’s budget (ADFG, 

2015; Walker 2016).
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 Another way people could help monitor pink salmon would be by donating money to 

help tag and track pink salmon. Wildlife workers monitor animals by putting a tracker under 

their skin. For pink salmon, hatchery reared fish are coded wire tagged where a tag of 0.25 mm 

in diameter is inserted into the snout of the fish. The coded wire tags or CWT’s tell you where 

the fish has been. After the pink salmon is tagged, workers cut off the adipose fin off the fish. If 

someone catches one of the pink salmon with its adipose fin missing then you can take the head 

of the pink salmon to Fish and Game or an employee on the dock will take it and they will send 

you a letter telling you where your fish has been (Coded Wire Tag, 2016; Walker, 2016). 

Monitoring Plan Costs 

The right now overall cost of the research to successfully understand and manage the 

pink salmon species is around $3,000,000. Each trawl survey costs a minimum of 50 to 60 

thousand dollars. The vessels themselves cost about $2,000 to $3,000 per day and overall cost 

$900,000 to conduct the surveys. The weir in Auke Bay is the only one in the region and it costs 

$150,000 to maintain and monitor. A weir is essentially a fish counter to see how many juvenile 

and adult fish are going through that area. All of these are excellent ways to monitor the pink 

salmon (Walker, 2016). 

 Some sources of money necessary for this research could be the federal government, the 

state government, commercial fishing groups, and some conservation groups. The conservation 

groups could be problematic because some of the groups would have agendas that would limit 

the research or they might not be as impartial as the results of a governmental agency (Walker, 

2016).
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 All of these costs are worth it in the end because we need to have the results to properly 

predict the run sizes of pink salmon. In nine out of the twelve years that NOAA and Auke Bay 

have been monitoring the stocks, all of the estimates have been within ten percent of the actual 

amount caught. The accuracy of these predictions is reliant on the research conducted by NOAA 

and Auke Bay (Auke Bay Laboratories, 2006). 

Conclusions   

In spite of the recent drastically lower pink salmon run, it’s much too early to say that the 

future of pink salmon is in jeopardy. With proper research, we can look ahead for possible 

solutions to minimize these types of years from happening again. The research that has already 

been done points to the fact that the ocean was warmer than in years past. There is also evidence 

showing that the CO2 levels are higher than normal due to global pollution, and increasing 

acidity in oceans. That hurts the stocks of one of the pink salmon’s primary food sources - 

pteropods. Increasing CO2 levels aren’t just a problem in the oceans, it affects all of nature. This 

is a predicament that won’t be easy to solve. If we want to maintain the marine fisheries, we will 

need to try to reduce CO2 output. It is far too early to drastically change our resource 

management. The best thing we can do is continue to do research that contributes to dynamic and 

adaptable ongoing in-season management of this important resource



 12 

 
 

REFERENCES CITED   
 
Alaska Department of Fish and Game. Retrieved November 27, 2016, from  

http://www.adfg.alaska.gov/index.cfm 
 
Andrew, C. M. (n.d.). Fishing in Ketchikan Alaska | FAQ | Oasis Alaska Charter Fishing.  

Retrieved November 25, 2016, from https://www.oasisalaskacharters.com/faq/ 
 
Auke Bay Laboratories (2006a, September 25). Auke bay laboratories home page. Retrieved  

November 28, 2016, from http://www.afsc.noaa.gov/ABL/default.php 
 
Beamish, R.J., Riddell, B.E., Lange, K.L., Farley Jr., E., Kang, S., Nagasawa, T., ... Urawa, S.   

(n.d.). The Effects of Climate on Pacific Salmon - A Summary of Published Literature: n.  
pag. Web 

 
Breese, Justin (11/19/2016). Personal Interview and Correspondence. Alaska Department of Fish  

and Game Commercial Fisheries Manager. 
 
Center, A. F. S. (2008, August 13). EMA: Forecasting pink salmon harvest in Southeast Alaska.  

Retrieved November 25, 2016, from 
http://www.afsc.noaa.gov/ABL/EMA/EMA_PSF.htm 

 
Coded Wire Tags (CWT). (n.d.). Retrieved November 27, 2016, from  

http://www.nmt.us/products/cwt/cwt.shtml 
 
Department of Fish and Game. "Department Totals- Operating Budget." Department of Fish and  

Game. Department of Fish and Game, 30 June 2015. Web. 24 Nov. 2016. 
 
Fellman, J.B., Hood, E., Dryer, W., & Pyare, S. (2015). Stream Physical Characteristics Impact  

Habitat Quality for Pacific Salmon in Two Temperate Coastal Watersheds. PLoS ONE 
10(7): e0132652. doi: 10.1371/journal.pone.0132652 

 
Freitag, Gary (11/5/2016). Personal Interview and Correspondence. Associate Professor  

University of Alaska, Fairbanks. 
 
Ge, M. (2014, November 30). Retrieved November 25, 2016, from  

http://www.wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-emitters 
 
Groot, C., & Margolis, L. (1991). Pacific salmon life histories. Vancouver: UBC Press. 
 
Johnson, T. (2016). Climate Change and Alaska Fisheries. Fairbanks, AK: Sea Grant Alaska



 13 

 
Landwehr, J. (Fall 2016). Personal Interview and Correspondence. Science teacher, Ketchikan  

High School. 
 
Malick M.J., & Cox, S.P. (2016). Regional-Scale Declines in Productivity of Pink and Chum  

Salmon Stocks in Western North America. PLoS ONE 11(1): e0146009. doi: 
10.1371/journal.pone.0146009 

 
MULTIPLE NET MID-WATER (TUCKER) TRAWL: (n.d.). Retrieved November 27, 2016,  

from http://www.aquaticresearch.com/multi-net_mid_water_trawl.htm  
 
NOAA Ocean Explorer: Observing Systems and Sensors: Trawls. (n.d.). Retrieved November  

27, 2016, from http://oceanexplorer.noaa.gov/technology/tools/trawl/trawl.html 
 
NOAA Research Vessels Conduct Gulf of Alaska Bottom Trawl Survey. (n.d.). Retrieved  

November 26, 2016, from https://alaskafisheries.noaa.gov/node/10740  
 
Northwest Fisheries Science Center. Pacific Decadal Oscillation (PDO). (n.d.). Retrieved  

November 16, 2016, from 
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ca-pdo.cfm 

 
Payne, M.C., Brown, C.A., Reusser, D.A., & Lee, H. II (2012). Ecoregional Analysis of  

Nearshore Sea-Surface Temperature in the North Pacific. PLoS ONE 7(1): e30105. doi: 
10.1371/journal.pone.0030105 

 
Salmon and Global Warming - National Wildlife Federation. Retrieved November 28, 2016,  

from http://www.nwf.org/Wildlife/Threats-to-Wildlife/Global-Warming/Effects-on-
Wildlife-and-Habitat/Salmon.aspx 

 
Salmon Ocean Ecology and Bycatch Analysis. (n.d.). Retrieved November 25, 2016, from  

http://www.afsc.noaa.gov/ABL/SOE/soe_default.php 
 
University of Washington. (2016, September 29). Ocean conditions contributed to unprecedented  

2015 toxic algal bloom.ScienceDaily. Retrieved October 4, 2016 from 
www.sciencedaily.com/releases/2016/09/160929144800.htm 

 
Walker, Scott (11/18/2016) Personal Interview and Correspondence. Alaska Department of Fish  

and Game Commercial Fisheries Manager. 
 
Weiser, M. (2016, October 31). The Blob Is Back: What Warm Ocean Mass Means for Weather,  

Wildlife. News Deeply. Water Deeply. Retrieved November 15, 2016, from 
https://www.newsdeeply.com/water/articles/2016/10/26/water-talks-patrick-atwater-greg-
gearheart-on-california-water-data 

 
Wobus, C., Prucha, R., Albert, D., Woll, C., Loinaz, M., et al. (2015). Hydrologic Alterations  

from Climate Change Inform Assessment of Ecological Risk to Pacific Salmon in Bristol 
Bay, Alaska. PLoS ONE 10(12): e0143905. doi: 10.1371/journal.pone.01439



 
 
 

0 

 


